Vitis is a relevant genus worldwide. The genome of a Vitis vinifera representative (PN40024) published in 2007 boosted grapevine related studies. While this reference genome is a suitable tool for the overall studies in the field, it lacks the ability to unveil changes accumulated during V. vinifera domestication. Considering that grapevines for wine production (V. v. vinifera, hereafter vinifera) have evolved from V. v. sylvestris (hereafter sylvestris), or from a shared no-longer existing ancestor, both subspecies are quite close, but sylvestris has not been domesticated and still exist nowadays, preserving wild characteristics, making it a good material to provide insights into vinifera domestication. The difference in the reproductive strategy between both subspecies is one of the characteristics that sets them apart. While vinifera flowers are hermaphrodite with functional male and female organs, sylvestris is mostly dioecious. Male plants present flowers lacking functional carpels unable to produce grapes and female individuals have flowers with reflexed stamens producing infertile pollen but able to exhibit small and acidic grapes.
Introduction
exons with synonymous SNP (1.9), exons with non-synonymous SNPs (1.4) and intergenic regions (2. 2) ( Figure 2c ). Our analysis confirmed that Ti/Tv was dependent of the genomic location, but not on the individuals on study, as WM and WF individuals presented the same Ti/Tv pattern ( Figure   2c ).
We have pooled both sequenced individuals together and considered them as biological replicates in subsequent analysis. The distribution of SNPs and InDels, on the genome, was evaluated for each chromosome, by calculating the frequency of occurrences (number of SNPs/InDels by chromosome size). In both SNPs and InDels, the chromosome 6 was the one with the lowest number of events. For this chromosome, 1.00 % of the bases were found to be changes on a single nucleotide (frequency of 0.011; Figure 3a ) and InDels were identified in 0.20% of the chromosome (frequency of 0.0020; Figure 3b ). The least conserved chromosome was the 9 with a percentage of SNPs of 1.5% (frequency 0.015; Figure 3a ) and InDels covering 0.29% of this chromosome size (0.0029; Figure 3b ).
We analysed the nature of the substitutions in SNPs by comparing the nucleotides on the reference genome with the nucleotides observed for the wild type. In accordance with other studies 10,12 , the number of transitions (substitution between adenosine and guanine or cytosine and thymine) were much more frequent on both genomes than transversions (substitutions between adenosine and cytosine, adenosine and thymine, cytosine and guanine or guanine and thymine) ( Figure 3c ).
The effects of SNPs on protein-coding regions were also investigated by analysing the SNP location within gene context and the impact caused. The large majority of the SNPs occur in noncoding regions, as intergenic, upstream, downstream and introns (2,240,613;1,891,608; 1,048,262 and 749,096 respectively; Figure 4a ). Less frequently, SNPs were identified in exons and UTR regions. Interestingly, the number of SNPs located in exons, with synonymous (104,970) and nonsynonymous (138,468) impact was almost the same (Figure 4a ). From the impacts that a SNP may cause on protein sequence, premature start and stop codons as well as the loss of start or stop codons (related with the start and stop position in the reference annotation) are among the most disruptive ones. Sylvestris genomes had 3,553 premature start codons and 3,183 premature stop codons ( Figure 4a ), compared with the reference genome. In terms of codons loss, we have identified 530 loss of start codon and 705 loss of stop codon (Figure 4a ).
The majority of InDels also occurred on non-coding regions (upstream [444,281] , downstream [224,906]) ( Figure 4b ). The few InDels that occurred inside genes are not in coding regions (intron [126, 143] , 3´-UTR: [20, 852] , 5´-UTR [11,490]) ( Figure 4b ). InDels resulting in frame shifts (7,481), codon change + deletions, corresponding to events where at least one codon is changed and at least one is deleted (1,044), codon insertion (792), codon change with insertions (600) and simple codon deletion (573) were also found ( Figure 4b ). Events as splice site acceptor, splice site donor, start lost, stop lost and stop gained were much less frequent (less than 200 occurrences per event) ( Figure 4b ). There were also four exon losses in the wild-type individuals studied ( Figure 4b The number of homozygous alterations between sylvestris and the reference genome (1/1) was much lower (2,281,366 homozygous SNPs and 403,321 homozygous InDels) ( Figure 5 ).
Combining SNPs and InDels, the total number of heterozygous loci (0/1 and 1/2) was 4,866,357 while the homozygous (1/1) changes were 631,487. The ratio between heterozygous/homozygous SNPs was 1.80 and1.89 for InDels.
An analysis of the heterozygous (0/1 and 1/2) over non-reference homozygous (1/1) SNPs, considering the sylvestris individuals separated, at multiple genomic locations, revealed slightly differences between them ( Figure 5c ). Ratios obtained were 2.2 for WM (introns and exons), 2.0 for WM (intergenics), 2.0 for WF (exome) and 1.8 for WF (introns and intergenics) ( Figure 5c ). No differences were obtained between synonymous and non-synonymous exons (data not shown).
Validation of genome sequencing by Sanger analysis.
Primers were designed to amplify regions where differences have been detected between wild-type sequences and the PN40024 reference 1 . From the nine modifications tested, four were homozygous and shared by both individuals, suggesting that these modifications are exclusive of wild-type individuals (Supplementary Figure S1a , b and c). One of the modifications shared by both individuals represented a case where the wild type genomes are heterozygous (Supplementary Figure S1d ).
We also validated the occurrences of individual exclusive modifications, where one of the individuals (WF) was homozygous and the other (WM) was found to be heterozygous (Supplementary Figure S1d ).
Manually inspection of chromosome 2. Chromosome 2 has been associated to Vitis sex specification 7-9 . The 24 genes located in the region associated with sex were manually inspected from a de novo assembly performed with the raw data obtained for both male and female sylvestris individuals. We also manually inspected several genes on chromosome 2, some of them described to be involved in flower development like NGA1 (VIT_202s0025g03000) 15 and SLK2 (VIT_202s0025g04390) 16 . Other 20 genes located on chromosome 2, with distinct transcription patterns were previously 15 detected 16 and were subject to this analysis, in a total of 46 genes. This analysis was possible since both individuals have a distinct flower phenotype. From the 46 genes analysed, the male individual studied was heterozygous for 25 genes ( Figure 6 ). The alleles of three of these genes were identical to the reference genome (VIT_202s0241g00140, VIT_202s0154g00230, VIT_202s0033g00020; Figure 6 ). In the female individual, 8 out of 46 genes were heterozygous with both alleles presenting differences compared to the reference genome; only one of 46 genes was identical to the reference genome (VIT_202s0025g02630); and the remaining 37 genes were homozygous with differences when compared to the reference. Also, we found only one identical gene between male and female individuals (VIT_202s0154g00030) being homozygous, but distinct to the reference genome ( Figure 6 ).
While preparing this manuscript, two independent studies were published regarding the sexual specification of sylvestris 10,11 . Both studies indicate that the gene coding for INAPERTURATE POLLEN1 (INP1) is responsible for male sterility, due to an 8-bp deletion in the CDS region, detected in female individuals, causing a premature stop codon. We found that this gene has homology with VIT_200s0233g00051 and VIT_202s0154g00120, associated with chromosomes "unknown" and 2, respectively. We consider that these two IDs are two alleles of the same gene. In the samples tested under this re-sequencing project, we identified the two alleles in the male individual, but the female individual only has the allele with the 8-bp deletion (VIT_202s0154g00120). Although there was a consensus on the identification of INP1 as responsible for male sterility, the results for a female sterility gene were not yet unanimous and several genes were proposed as responsible for this trait. One of the most promising genes reported for female sterility was VviPLATZ (VIT_202s0154g00070) 10 . As far as we were able to identify, this gene only presented one allele in the hermaphrodite reference genome. In our wild plants this gene was heterozygous in the male and homozygous in the female plants.
The results reported in this paper, provided a comparison between the reference genome (vinifera) and sylvestris. We have identified SNPs and InDels between the two subspecies and investigated the sex locus region, providing a further evidence of which genes may be key players in sex specification of grapevine.
Discussion
The analysis of the wild-type individuals (V. v. sylvestris) reveals a high similarity to PN40024, used as reference genome (V.v. vinifera). In fact, 89% of the sequences maps only once to PN40024 genome. 10% of the reads whose pair was lost or map to a different chromosome may be due to the remaining heterozygosity present in the reference genome (93% homozygous 1 It is described that the domestication pressure set on cultivated varieties, improving the grape characteristics, affected all chromosomes in a similar way 3, 20 . In the present study, we were unable to detect a particular chromosome with significantly different number of modifications, measured by a single nucleotide change or Insertion/Deflection. Nevertheless, the chromosomes 6 and 9 were highlighted as the ones with fewer and more alterations, respectively, but the number of modifications are still inside the Tukey's Fences used on the outlier's analysis.
As already expected, the majority of the modifications are found on non-coding regions, where the domestication and selection pressures are not as evident as in the coding regions. However, the number of synonymous modifications inside exons is quite similar, the non-synonymous ones being slightly higher. This seems to indicate that the pressures put on sylvestris during domestication favoured non-synonymous modifications required for evolution.
One of the most unexpected result is the low Ti/Tv ratio (transitions over transversions) in exons,
regardless the SNP impact on protein sequences (synonymous or non-synonymous). Ti/Tv ratios have been associated with the genomic context of the modification and in fact, we clearly observe an association between the genomic context and the ratio. However, the ratio we have obtained on exons (1.4 -1.9) highly contrasts with the values reported by Wang et al. (2015) 12 (circa 2.8). A lower ratio as we observed, is getting closer to the ratio that should be observed if SNPs were random (0.5 as there are two transitions and four transversions). Low values of Ti/Tv were also observed in Oryza sativa 21 and Brassica rapa 22 . It is evident and intriguing that, in plants, the higher the impact of a SNP, the lower is the Ti/Tv obtained.
Premature start or stop codons, as well as the loss of start and stop codons, may be an indication that these genes are not functional. This genome re-sequencing shows that the number of premature start codons is similar to the number of premature stop codons and the number of start The fact that the two individuals used in this study share only half of the identified SNPs and InDels, suggests that these individuals are not parentally related. This idea is also supported by the heterozygous over non-reference homozygous SNPs whose ratio has been associated with lineages 12 . We obtained distinct het/nonref-hom ratios for each individual for the same genomic regions. Unfortunately, other Vitis studies 11,19 lacks this kind of analysis.
When considering SNPs and InDels in common (between the two wild individuals), we need to be caution when extrapolating the results to the entire wild population, as we are observing the pattern of only two individuals (one male and one female individuals). Nevertheless, as they were phenotypically distinct individuals (one producing male flowers and the other female flowers), the common modifications may correspond to wild-type specific characteristics.
As both individuals produce distinct flower types, some of the genetic differences found between them may be associated to sex. Curiously, chromosome 2, where the locus associated to sex has been reported by different studies 7-9 , has a similar number of SNPs and InDels, when compared to other chromosomes. Nevertheless, we performed a more detailed analysis of the sex-associated locus in chromosome 2. From the 46 genes studied on this chromosome, only one (VIT_202s0154g00030) has identical alleles in both wild-type individuals, and other gene was recently associated with male sterility (INP1) 10,11 , which makes relevant the question of whether or not the other 44 genes could be associated with sex. At present, we are not able to answer this question and further studies should be carried to determine the impact of these 44 genes, using more individuals of each flower type, in order to better associate each one of these genes with its putative role in flower sex determination.
Considering the relevance of the CRIBI database in Vitis research, we need to stress the importance of a complete curation of the genome deposited here. An effort should be carried out to resolve the sequences deposited in the "unknown" and "X_random" chromosomes, as these sequences usually represent alleles of the genes present in the remaining 19 chromosomes.
In general, the work described in this article contributes to the identification of putative specific modifications of sylvestris when compared to vinifera. This paper clarifies questions raised on previous studies using the transcriptome 17,18 , where different levels of gene expression were observed between sylvestris and vinifera transcriptomes. The identification of SNPs and InDels in the promotor region of the genes (5 kbp upstream of the gene) may explain the differential expression levels detected. In addition, the nucleotide differences revealed here, within coding regions, suggest that different alleles or gene duplications may have distinct importance in sylvestris and in vinifera. When a male and a female allele were identical, the same colour was used (green). A single bar was used to represent homozygous genes. Question marks refer to genes with low assembly resolution whose sequence was not identified correctly. 28 Table1. Number of wild-type reads mapped against the reference genome (PN40024).
Unique: reads that map only to one site on the reference genome. Non-Unique: reads that map to multiple sites of the reference genome. Singletons: reads that map to the reference genome, without mate pair. Cross-contigs: reads whose pair map to a different contig. Percentages: percentage of each class to the total mapped reads.WF: Reads obtained from the female wild individual. WM: Reads obtained from the wild type individual with male flower types. 
Read

